Background There is concern that neuraxial anesthesia in patients undergoing surgery for treatment of a periprosthetic joint infection (PJI) may increase the risk of having a central nervous system infection develop. However, the available data on this topic are limited and contradictory.
Introduction
A nationwide database analyzing 51,345 THA revision procedures showed that infection was the third most common reason for revision after THA, responsible for approximately 15% of THA revisions in the United States [4] . Furthermore, infection is the most common cause of revision after TKA [3] . Assuming that the proportion of total joint arthroplasties (TJA) complicated by infection remains unchanged, as the demand for TJAs increases, there will be a corresponding increase in the prevalence of periprosthetic joint infections (PJI) [3, 4, 17] .
Surgical procedures in patients with a PJI may be performed with the patient receiving general or neuraxial anesthesia. General anesthesia once was the preferred method of anesthesia for patients undergoing a TJA [6] and overall remains the most common mode of anesthesia during orthopaedic procedures [21] . Currently, regional anesthesia, more specifically neuraxial (spinal and epidural) anesthesia, has emerged as a better alternative for patients undergoing TJA. Systematic reviews of the literature and large databases have shown there are improvements in perioperative morbidity and mortality of patients undergoing TJA who receive neuraxial anesthesia compared with general anesthesia [19, 21] . Numerous benefits of neuraxial anesthesia include reduced blood loss and decreased incidence of venous thromboembolism among others [6] .
Despite the advantages of neuraxial anesthesia over general anesthesia, it has a theoretical risk for central nervous system (CNS) infections that historically have led to its relative contraindication in patients with systemic or localized infections [22] . This is attributable to the possibility that subarachnoid or dural puncture can spread infection to the epidural or intrathecal space in patients with a systemic infection [27] . Individual cases of these CNS infections have been reported [1, 13] ; however, the limited and at times conflicting data available do not provide a convincing argument against the use of neuraxial anesthesia in patients with infection. In a retrospective series in Sweden involving 1,260,000 spinal and 450,000 epidural anesthetics performed during a decade, Moen et al. [22] reported epidural abscess in 13 patients and meningitis in 29. By contrast, in a multicenter prospective study involving 30,413 epidural and 40,640 spinal anesthetics, no infectious complications were reported [2] .
Gritsenko et al. [11] , in a retrospective study including 474 patients who underwent removal of infected prostheses under neuraxial anesthesia, reported no clinically evident epidural abscess or meningitis complications. To the best of our knowledge, there is no study comparing neuraxial anesthesia and general anesthesia regarding the rate of postoperative systemic infections in patients undergoing surgery for treatment of a PJI.
Therefore, we sought to determine whether neuraxial anesthesia (1) is associated with CNS infections in patients undergoing surgery for PJI, and (2) increases the likelihood of systemic infections in these patients.
Patients and Methods
On approval of the institutional review board, we reviewed our electronic database to identify patients who were surgically treated for PJI at our institution from October 2000 to May 2013. Patients initially were identified using the International Classification of Diseases, 9th Revision (ICD-9) codes for prosthesis infection (996.66 and 996.67). Final inclusion criteria identified patients who underwent revision surgery for an infected total hip or knee prosthesis after receiving either neuraxial anesthesia or general anesthesia. There were no children or adolescents (younger than 18 years) in the cohort. Infections were determined based on clinical signs of infection, serology including erythrocyte sedimentation rate and C-reactive protein, synovial fluid analysis, and culture results [23] . We identified 1499 total surgeries for PJIs in 539 patients. All 1499 surgeries were included in the final analysis.
Patients with a superficial surgical site infection and those who underwent revision surgery for indications other than infection were excluded. The entries were separated into two groups: patients who received general anesthesia and those who received neuraxial anesthesia. Records indicating combined general and neuraxial anesthesia and records without indication of type of anesthesia were excluded. Of the 1499 surgeries, 51% (n = 764) were performed in 134 patients who received neuraxial anesthesia and 49% (n = 735) were performed in 143 patients who received general anesthesia. Two hundred sixty-two patients received neuraxial and general anesthesia during different surgeries.
Patient demographics included age, sex, BMI, comorbidities, and American Society of Anesthesiologists (ASA) classification (Table 1 ). The data show the baseline comorbidity index score was higher in patients receiving general anesthesia. The comorbidities (congestive heart failure, diabetes mellitus, dementia, renal disease, chronic pulmonary disease, connective tissue disorder, prior myocardial infarction, liver disease, malignancies, peripheral vascular disease, cerebrovascular disease, and hemiplegia) of each patient were documented, and overall comorbidity burden was assessed using the method described by Deyo et al. [9] . The total comorbidity index was not adjusted for age.
To answer the question regarding whether neuraxial anesthesia increased the risk of infection, we queried our complication database that is collected prospectively based on the ICD-9 codes for meningitis, epidural abscess, and other postoperative complications (Table 2) . Major postoperative complications analyzed included systemic infections (sepsis and septic shock).
Statistical Analysis
Baseline characteristics in the neuraxial anesthesia and general anesthesia groups were compared using Fisher's exact test for categorical variables and Wilcoxon tests for continuous variables. Logistic regressions were performed to determine if type of anesthesia (neuraxial anesthesia versus general anesthesia) was an independent predictor of postoperative complication when controlling for potential confounders. A model was created for systemic infections. All statistical analyses were performed using R version 3.0 (R Foundation for Statistical Computing, Vienna Austria), and probability values less than 0.05 were considered statistically significant.
Results
No patient in this cohort had meningitis develop. However, there were six patients with a possible epidural abscess. Further chart review showed that the spinal abscesses in five of these patients were not related to neuraxial anesthesia during the surgery for treatment of PJI. The sixth patient had a THA performed in 2006 followed by six revision surgeries in 2009, two under neuraxial and four under general anesthesia that all occurred within 42 days. Six days after the last revision surgery for which the patient received general anesthesia, the diagnosis of a T12-L3 epidural abscess was made. Diagnosis of an epidural abscess was made 36 days after the last revision surgery for which the patient had neuraxial anesthesia. The abscess was drained and the patient was discharged from the hospital in good condition.
After controlling for potential confounding variables, neuraxial anesthesia was associated with lower risk of systemic infection (4% versus 12%; odds ratio, 0.35; 95% CI, 0.23-0.54; p \ 0.001) ( Table 3) .
Discussion
Neuraxial anesthesia improves perioperative outcome and reduces mortality compared with general anesthesia in patients who have had a TJA [12, 15, 16, 20, 21] . However, we are aware of only one study comparing neuraxial Values are mean ± SD or mean with percentage in parentheses; ASA = American Society of Anesthesiologists.
anesthesia versus general anesthesia in terms of postoperative infection complications in patients with a PJI [11] . Our study had some limitations. Almost all patients with a PJI are treated at our institution using two-stage exchange arthroplasty including resection of the prosthesis in the first operation and reimplantation of new prosthesis in the second operation. Because some cases in our study were actually reimplantation surgeries that were part of twostage revisions, they theoretically were infection-free cases. Although this could have led to lower complication rates than if our cohort included only patients with infections, we believe this limitation is unlikely to have changed the main finding of this study in that CNS infection in patients undergoing surgical treatment of a PJI under neuraxial anesthesia is exceedingly rare. Moreover, because complications and comorbidities were identified using ICD-9-CM codes, there is a possibility for coding errors. However, coding errors exist throughout the data, likely equally distributing between the neuraxial anesthesia and general anesthesia groups. To minimize the effect of coding errors in this study, we double-checked patient charts to confirm CNS infections and all other major postoperative complications. Patients receiving general anesthesia had a higher comorbidity index as measured by ASA and Charlson comorbidity score at baseline compared with the patients receiving neuraxial anesthesia. Therefore, multivariate analysis was used to analyze the data and control for this baseline difference. Another potential limitation is the possible loss of patients with CNS infections who might have been admitted to other hospitals and thus were missed in our study. However, usually CNS infections after neuraxial anesthesia rapidly progress and will manifest during the same hospital admission or soon after and are highly likely to be detected. Finally, given the extremely low incidence of CNS infections after neuraxial anesthesia, the study might be underpowered.
The absence of patients without meningitis and the single patient who had an epidural abscess in our neuraxial anesthesia cohort supports the notion that the incidence of CNS infection is extremely rare in patients with a PJI; thus, neuraxial anesthesia can be considered safe during surgery for a PJI. However, one important factor to consider is that the majority of patients with systemic infections and almost all with a confirmed PJI are likely to receive systemic antibiotics before surgery. Prior initiation of antibiotic therapy might confer some protective role against the development of CNS-related infections. Therefore, perhaps the adjunctive use of systemic antibiotics should be required for patients receiving neuraxial anesthesia for surgical treatment of the infection. The paucity of literature regarding the safety of neuraxial anesthesia during surgery for a PJI is important in a society where the numbers of THAs and TKAs are increasing annually [17] . Although their study did not involve PJIs, Horlocker et al. [14] reported that CNS infections after neuraxial anesthesia are extremely rare. In a retrospective review of 4767 spinal anesthetics administered, only two infectious complications were found. Similarly, Auroy et al., in a multicenter prospective study including 30,413 epidural and 40,640 spinal anesthetics, found no infectious complications [2] . The results of our retrospective study suggest that the risk of a CNS infection (specifically meningitis or epidural abscess) after administration of neuraxial anesthesia for surgical treatment of a PJI of the hip or knee is extremely low. These findings parallel those of the few earlier studies [10, 16] evaluating the risk of CNS infection after administration of neuraxial anesthesia in patients with a systemic infection. Kotzé et al. [16] retrospectively examined the incidence of infectious complications of the epidural space in pediatric patients with empyema after receiving thoracic epidural anesthesia and none had a CNS infection develop. Another study evaluated patients with chorioamnionitis who received neuraxial anesthesia during surgery and found no cases of subsequent CNS infection [10] . A study specifically evaluating the incidence of CNS infections after surgical treatment of PJI in patients who received neuraxial anesthesia found that none of the 474 patients had subsequent meningitis or an epidural abscess [11] . Only one of our patients who received neuraxial anesthesia had a subsequent epidural abscess 6 days after surgery for a PJI, and this patient had received neuraxial anesthesia during multiple procedures. We believe that the epidural abscess in this patient was not related to the neuraxial block since it occurred more than a month after the last administration of neuraxial anesthesia. An epidural abscess after receiving neuraxial anesthesia usually progresses rapidly and manifests a few days after the neuraxial block. However, we reported this case to show that multiple administrations of neuraxial anesthesia in a short period should be done cautiously as they might increase the risk of a CNS infection. Administering neuraxial anesthesia multiple times to one patient might inherently increase the chance for a technical error. A technical error can arise from exposure to multiple punctures in a short time ultimately increasing the risk for an epidural abscess regardless of the presence of a PJI [8] . Therefore, when there is a history of a patient receiving neuraxial anesthesia for multiple surgeries, the decision to use neuraxial anesthesia should be made with caution. We not only examined the incidence of CNS infection after administration of neuraxial anesthesia, but also compared general and neuraxial anesthesia in this special population to determine whether neuraxial anesthesia is associated with a lower risk of systemic infections. The effect of neuraxial anesthesia on the rate of postoperative infections, particularly surgical site infections, is contradictory [6, 7, 18] . Liu et al. [18] and Chang et al. [6] , using two large databases respectively, found that neuraxial anesthesia was associated with lower risks of systemic and surgical site infections compared with general anesthesia. Neuraxial anesthesia may decrease the risk of a surgical site infection via transfusion, which has been shown to be a risk factor for surgical site infections [24] . However, the lower risk of systemic infections after using neuraxial anesthesia cannot be fully explained by reduction in transfusions and might be related to changes in immune system response after general and neuraxial anesthesia [5, 25, 26] . Volk et al. [26] suggested that neuraxial anesthesia preserves lymphocyte functions, which may contribute to ''infectious resistance'' after neuraxial anesthesia. However, the exact mechanism of the protective effect of neuraxial anesthesia against systemic infections is unknown and additional study is required to elucidate the mechanism.
Among the 539 patients included in our study, none had meningitis develop and only one had an epidural abscess develop after receiving neuraxial anesthesia, and that patient had undergone six revision procedures within 42 days, two of which were performed with the patient receiving neuraxial anesthesia. We found there was a lower risk of systemic infections in patients receiving neuraxial anesthesia than general anesthesia for their PJI procedures, although on balance these patients were somewhat healthier based on Charlson Comorbidity Index scores. These findings may support the notion that the incidence of CNS infection is extremely rare after neuraxial anesthesia during surgery for a PJI; thus, neuraxial anesthesia can be considered safe during this surgery. The benefits that neuraxial anesthesia confers to patients combined with the negligible risk of CNS infections with the use of this mode of anesthesia in patients with a PJI suggest that it may be time for the anesthesiology community to revisit the validity of sepsis as a relative contraindication to the use of neuraxial anesthesia.
